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Gap junctional communication between microglia was investi-
gated at rat brain stab wounds and in primary cultures of rat and
mouse cells. Under resting conditions, rat microglia (FITC-isolec-
tin-B4-reactive cells) were sparsely distributed in the neocortex,
and most (95%) were not immunoreactive for Cx43, a gap
junction protein subunit. At brain stab wounds, microglia pro-
gressively accumulated over several days and formed aggre-
gates that frequently showed Cx43 immunoreactivity at inter-
faces between cells. In primary culture, microglia showed low
levels of Cx43 determined by Western blotting, diffuse intracel-
lular Cx43 immunoreactivity, and a low incidence of dye cou-
pling. Treatment with the immunostimulant bacterial lipopoly-
saccharide (LPS) or the cytokines interferon-g (INF-g) or tumor
necrosis factor-a (TNF-a) one at a time did not increase the
incidence of dye coupling. However, microglia treated with
INF-g plus LPS showed a dramatic increase in dye coupling that
was prevented by coapplication of an anti-TNF-a antibody,
suggesting the release and autocrine action of TNF-a. Treatment
with INF-g plus TNF-a also greatly increased the incidence of
dye coupling and the Cx43 levels with translocation of Cx43
to cell– cell contacts. The cytokine-induced dye coupling was
reversibly inhibited by 18a-glycyrrhetinic acid, a gap junction
blocker. Cultured mouse microglia also expressed Cx43 and
developed dye coupling upon treatment with cytokines, but
microglia from homozygous Cx43-deficient mice did not develop
significant dye coupling after treatment with either INF-g plus
LPS or INF-g plus TNF-a. This report demonstrates that microglia
can communicate with each other through gap junctions that are
induced by inflammatory cytokines, a process that may be
important in the elaboration of the inflammatory response.
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M icroglia are ubiquitous in brain and are the main immune
effector of the central nervous system (1). Under resting

conditions they show a down-regulated immunophenotype but
can be activated by diverse signaling molecules; thus, their
apparent quiescence is a surveillance state in which they are
sensitive to changes in their milieu (2). Consistently, microglia
are activated in response to a wide range of injuries that trigger
brain inflammatory responses, including head injury and isch-
emia (2), neurodegenerative diseases (3–6), autoimmune dis-
eases (1, 7), infectious diseases (8), prion diseases (9), and brain
tumors (10).

Activation of microglia is characterized by proliferation, re-
cruitment to the site of injury, and expression of proteins
associated with immune responses (11). Among these proteins
are major histocompatibility complex (MHC) class II molecules
and cytokines, such as tumor necrosis factor (TNF-a), interleu-
kin-1, interleukin-6, and transforming growth factor-b1. In

addition, cytokines such as interferon-g (INF-g), interleukin-1,
interleukin-4, and TNF-a induce similar changes in microglia in
vitro (11).

It is known that microglia communicate with one another and
with other brain cells through specific extracellular signals, such
as cytokines (2), neurotransmitters (2, 12), andyor adhesion
molecules, including integrins and cadherins (13). In vivo, acti-
vated microglia migrate to injured central nervous system areas,
where they proliferate and gradually remove cell debris (14). At
those places, their proximity to each other may allow for the
establishment of physical contacts and formation of intercellular
junctions, such as gap junctions. Gap junctions between micro-
glia might provide an additional pathway for communication but,
to our knowledge, have not been described. Moreover, the
formation of gap junctions or expression of their protein sub-
units, connexins, by monocytesymacrophages is still a matter of
debate (15).

Gap junction channels connect the interiors of contacting
cells, allowing the exchange of ions, second messengers, and
small molecules of less than about 1 kDa molecular mass and
provide a mechanism for coordinating metabolic and electrical
activities of multicellular systems (16, 17). Gap junctions are
formed by connexins, a family of proteins with more than 15
members (18). A gap junction channel is formed by joining two
hemichannels or connexons, one contributed by each of the
apposed membranes. A hemichannel comprises six connexin
monomers surrounding a central pore (16, 17). Channels formed
of different connexins differ in their biophysical properties and
permeabilities, and hemichannels differ in their ability to form
functional, heterotypic gap junctions with hemichannels formed
of other connexins (18). Most gap junctions can be blocked with
several compounds, including octanol and 18a-glycyrrhetinic
acid (19). The present work was undertaken to examine the
possibility that microglia communicate with each other via gap
junctions. We found that under resting conditions in vivo, most
cortical microglia do not express Cx43 immunoreactivity, but
that, at stab wounds, accumulating microglia are immunopositive
for this connexin. In primary culture, INF-g plus the immuno-
stimulant bacterial lipopolysaccharide (LPS) or INF-g plus
TNF-a induced dye coupling and increased levels of Cx43 levels
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with translocation to cell interfaces. Preliminary findings have
been reported.¶

Materials and Methods
Reagents and Antibodies. F-12 medium, MEM, FBS, horse serum,
penicillin, streptomycin, trypsin-EDTA, and bovine pancreas
DNase I were from GIBCOyBRL. Lucifer yellow-CH, 18a-
glycyrrhetinic acid, probenecid, oxidized ATP, 3,39-diaminoben-
zidine, peroxidase-conjugated goat anti-rabbit IgG, monoclonal
anti-glial fibrillary acidic protein antibody, FITC-conjugated
anti-mouse IgG antibody, alkaline phosphatase-conjugated goat
anti-rabbit IgG antibody, FITC-conjugated goat anti-rabbit IgG
antibody (Fab), Bandeiraea simplifolia isolectin-B4 labeled with
FITC (FITC-isolectin B4), recombinant TNF-a, recombinant
IFN-g, and LPS [E. coli (serotype 0127:B8)] were obtained from
Sigma. Rabbit anti-TNF-a human recombinant was obtained
from Calbiochem. A monoclonal anti-rat antibody to ED-1, a
monocyteymacrophage marker, was obtained from BioSource
International (Camarillo, CA). Fab fragments of a previously
characterized rabbit polyclonal anti-Cx43 antibody were used
(20, 21). Immunoglobulins of the anti-Cx43 serum were isolated
with the use of immobilized protein G (Pierce), and then Fab
fragments were obtained with the Fab preparation kit purchased
from Pierce. The protocol indicated by the provider was followed
during each procedure.

Brain Stab Wounds. Stab wounds were made as described by Amat
et al. (22). Adult male Sprague–Dawley rats (180–200 g) were
deeply anesthetized with an i.p. injection of ketamine (50
mgykg). A midline craniotomy 4 mm long and 2 mm wide was
made over the forebrain. A unilateral stab wound '4 mm long
and '2 mm deep was made by inserting a scalpel blade through
the opening, and the skin incision was sutured.

Microglia Cultures. Primary cultures of microglia from neocortex
of newborn rats or mice were prepared as described by Giulian
and Baker (23), with minor modifications. Tissue was minced
and incubated at 37°C for 30 min in Ca21-free PBS that
contained trypsin (0.5%) and EDTA (5 mM). After removal of
the enzyme solution, tissue was triturated in dissociation me-
dium (MEM mediumy1 mg/ml bovine pancreas DNase Iy10%
horse serum) with the use of a Pasteur pipette. Dissociated cells
were pelleted, resuspended in MEM medium supplemented with
10% FBS, 100 unitsyml penicillin, and 50 mgyml streptomycin
sulfate and plated on glass coverslips or on 60-mm plastic culture
dishes (Nunc) and kept at 37°C in a 5% CO2y95% air atmo-
sphere at nearly 100% relative humidity. Cells were fed every 3
days. About 95% of the cells were positive for glial fibrillary
acidic protein, indicating that cultures were highly enriched in
astrocytes; presumably most of the remaining 5% were micro-
glia. Because microglia proliferate in astrocyte-conditioned me-
dium (24), feeding of confluent cultures was stopped for the
following 12–14 days. Cultures were then rigorously agitated for
30 min in an orbital shaker (Lab-Line Instruments) at 150 rpm
and 37°C to detach cells adhering to the astrocyte monolayer.
Thereafter, cells suspended in the culture medium were col-
lected and plated [800,000 cells per ml; 3 ml in 60-mm dishes or
1 ml per well of a 24-well plate (Nunclon, Roskilde, Denmark),
with each well containing a round glass coverslip at the bottom].
After 15 min nonadherent cells were discarded and adherent
cells were maintained in MEM supplemented with 10% FBS, 100
unitsyml penicillin, and 50 mgyml streptomycin sulfate. Close to
99% of the cells obtained after this procedure were immunopo-
sitive for the ED-1 antigen but were negative for glial fibrillary
acidic protein, indicating a very high enrichment in microglia. All

experiments were performed 48 h after microglia were subcul-
tured at 37°C in a 5% CO2y95% air atmosphere at nearly 100%
relative humidity.

Dye Coupling. Coupling between microglia cultured on glass
coverslips was evaluated by monitoring the transfer to neigh-
boring cells of a fluorescent dye microinjected into one cell. The
dye (5% wtyvol Lucifer yellow in 150 mM LiCl) was microin-
jected through glass microelectrodes as previously described (25)
until the impaled cell was brightly f luorescent. After 1 min of dye
injection, surrounding cells were examined to determine whether
dye transfer occurred. The incidence of dye coupling as a
percentage was calculated by dividing the number of injected
cells showing dye transfer to one or more neighboring cells by the
total number of cells injected in each experiment, multiplied by
100. In all experiments the incidence of dye coupling was
evaluated by injecting a minimum of 10 cells. Dye coupling was
observed on an inverted microscope equipped with xenon arc
lamp illumination and a Nikon B filter (excitation wavelength
450–490 nm; emission wavelength above 520 nm).

Immunocytochemistry and Immunofluorescence. Frozen coronal
brain sections (10 mm) were fixed in 1% paraformaldehyde for
30 min at room temperature. To label microglia the sections were
incubated with FITC-isolectin-B4 diluted 1:100.000 in PBS
(stock: 5 mgyml). Then, endogenous peroxidase activity was
inhibited by incubating each section in 20% hydrogen peroxide
in methanol for 20 min at room temperature. Thereafter,
sections were incubated with Fab fragments of the anti-Cx43
antibody for 1 h, washed several times, incubated with peroxi-
dase-conjugated anti-rabbit IgG antibody for 1 h, washed, and
developed for different times up to15 min with 1 mgyml
3,39-diaminobenzidine in PBS plus 20 ml of H2O2.

Microglia cultured on no. 1 round glass coverslips were fixed
and permeabilized in 70% ethanol for 20 min at 220°C. Cells
were incubated in blocking solution containing 5 mM EDTA,
1% fish gelatin, 1% BSA essentially Ig free, and 1% goat serum
or 20% rat serum for 30 min at room temperature. Then they
were incubated in diluted primary antibody (anti-Cx43, Fab
fragments of anti-Cx43, anti-ED1, or anti-glial fibrillary acidic
protein) overnight at 4°C, rinsed in PBS (pH 7.4) for 1 h at room
temperature, and incubated with diluted FITC-conjugated goat
anti-rabbit IgG secondary antibody or FITC-conjugated goat
anti-mouse IgG for 1 h at room temperature, followed by another
rinse period of 1 h. Coverslips were mounted with Gelvatol-
Dabco (Sigma), observed under a Nikon Labophot-2 micro-
scope equipped with epif luorescent illumination, and photo-
graphed. The specificity of the immunoreactivity was assessed by
replacing the primary antibody or Fab fragments of immuno-
globulins with nonimmune serum.

Western Blotting. Microglia cultures (60-mm dishes) were har-
vested by scraping with a rubber policeman in ice-cold 2 mM
PMSF in PBS (rinse buffer was freshly prepared; pH 7.4),
pelleted, and lysed by sonication. Rinse and solubilization buff-
ers contained protease inhibitors (200 mgyml soybean trypsin
inhibitory1 mg/ml benzamidiney1 mg/ml «-aminocaproic ac-
idy2 mM PMSF) and phosphatase inhibitors (20 mM
Na4P2O7y100 mM NaF).

Proteins were measured in aliquots of cell lysates with the
Bio-Rad protein assay, and Western blot analyses were per-
formed as described previously (25). An aliquot of rat heart
homogenate was used to calibrate the electrophoretic mobility of
Cx43 reactive bands.

Cx43-Deficient Mice. Litters were obtained by interbreeding het-
erozygous animals of the Cx43del strain, carrying a loxP site and
a lacZ gene in place of the Cx43 coding region (26). At birth,¶Eugenı́n, E. A. & Sáez, J. C. (2000) Mol. Biol. Cell 11, 227a.
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separate microglia cultures were prepared from each brain, and
each donor animal was genotyped by PCR analysis of tail-tip
DNA. Genotyping was performed as described previously (26).

Results
Microglia Accumulating at Stab Wounds Are Cx43 Immunoreactive. In
sections of normal adult rat brain, microglia identified as FITC-
isolectin-B4-reactive cells were sparsely distributed throughout
the cortex (Fig. 1A), and few of them (,5%) were Cx43
immunoreactive (Fig. 1 B and C). Four days after the stab wound
was made, FITC-isolectin-B4-labeled cells were numerous at the
edge of and around the wound (Fig. 1D). Many FITC-isolectin-
B4-reactive cells ('60%) were also Cx43 positive, and immu-
noreactivity was seen as diffuse intracellular labeling with more
intense staining at some cell interfaces (Fig. 1 E and F, insets;
arrows and arrowheads indicate FITC-isolectin-B4-abeled cells
with and without Cx43 immunoreactivity, respectively).

INF-g Plus TNF-a Treatment in Vitro Induces Gap Junctional Commu-
nication Between Rat Cortical Microglia. After 48 h of subculture
under control conditions, the morphology of rat microglia was
rather homogeneous. The predominant cell shape ('95% of the
cells) was polygonal and flat with a few short processes, as was
seen most clearly in dye-injected cells (Fig. 2B; see also Fig. 3A).
Approximately 5% of the cells showed a more irregular shape or
were round. The latter were not adherent and therefore were not
included in dye coupling assays. Under control conditions, most
cells were not dye coupled; the incidence was '5% in the
polygonal and flat cells (Fig. 2B and Graph).

Treatment for up to 24 h with INF-g (1 ngyml), LPS (1
mgyml), or TNF-a (1 ngyml) one at a time did not increase the
incidence of dye coupling measured every 2 h with respect to

control microglia (Fig. 2 graph). However, simultaneous treat-
ment with 1 ngyml INF-g plus 1 mgyml LPS induced a marked
increase in dye coupling (Fig. 2 Graph). The increase in coupling
was largely prevented by coapplication of 2 mgyml anti-TNF-a
antibody known to neutralize TNF-a (Fig. 2 Graph). Microglia
treated for 9 h with 1 ngyml INF-g plus 1 ngyml TNF-a also
showed a marked increase in incidence of dye coupling
(Fig. 2D and Graph). This result and the block by anti-TNF-a of
the coupling induced by INF-g plus LPS suggest that LPS
induced secretion of TNF-a, which then had an autocrine action
in the induction of dye coupling in the presence of INF-g.

The intercellular dye transfer observed in rat microglia treated
with cytokines was almost completely blocked after the appli-
cation of 35 mM 18a-glycyrrhetinic acid for 5 min, and dye
coupling was restored by washing out the gap junction blocker
(Fig. 2, graph). Treatment of coupled cells with 50 mM oxidized
ATP (not shown), a nonspecific blocker of P2 receptors (27), or
5 mM probenecid, a blocker of organic ionic transporter (28), did
not affect coupling. Thus, the intercellular dye transfer was
mediated by gap junction channels and not by leakage and
uptake through purinergic receptors (P2X5 or P2X7) known to
be permeable to Lucifer yellow (27) or by an ionic membrane
transporter known to mediate uptake of Lucifer yellow (28).

INF-g Plus TNF-a Treatment in Vitro Induces Redistribution of Cx43 to
Cell–Cell Contacts. To analyze further the induction of dye cou-
pling and the increase in Cx43 levels by treatment with INF-g
plus TNF-a, we studied the cellular distribution of Cx43 by
immunofluorescence. In microglia maintained in vitro under
basal conditions Cx43 was detected as a diffuse cytoplasmic
fluorescent label (Fig. 3A). After 9 h of treatment with 1 ngyml
INF-g plus 1 ngyml TNF-a, the cytoplasmic Cx43 reactivity was

Fig. 1. Stab wounds induce recruitment of microglia that express Cx43 immunoreactivity. Coronal sections were from a control rat brain (A–C) and from a brain
4 days after the stab wound was made (D–F). Microglia were identified by reaction with FITC-isolectin-B4 (A, B, D, E, fluorescence images), and the same sections
were subjected to immunoperoxidase detection of Cx43 (C and F). Arrows indicate cells reactive to Cx43 and FITC-isolectin-B4; arrowheads indicate cells reactive
only to FITC-isolectin-B4. A and D are low-magnification views, and B, C, E, and F are higher magnification views. Stronger immunoperoxidase labeling at cell
interfaces is indicated by arrows in the inset in F (fluorescence image in E Inset). The discontinuous line in the E and F Insets denotes the edge of the stab wound.
(Bar, 100 mm for A and D and 400 mm for all other panels.)
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less intense, and much more was present at the interfaces
between cells (Fig. 3B).

INF-g Plus TNF-a Treatment in Vitro Increases Cx43 Levels in Rat
Microglia. To determine if the increases in both dye coupling and
Cx43 immunolabeling found in INF-gyTNF-a-treated cells were

associated with changes in total amounts of Cx43, Western blot
analyses were performed. In three independent experiments,
total homogenates of cells treated for 2, 4, or 9 h with 1 ngyml
INF-g plus 1 ngyml TNF-a showed a progressive increase in
Cx43 levels relative to microglia under control conditions (Fig.
3C). Under all conditions there were three Cx43 positive bands
that comigrated with bands detected in heart homogenates
corresponding to the unphosphorylated (NP) and phosphory-
lated P2 and P3 forms. There were no obvious changes in the
relative proportions of the different forms.

INF-g Plus TNF-a Treatment Induces Dye Coupling Between Normal
Mouse Microglia but Not Between Microglia of Homozygous Cx43-
Deficient Mice. Microglia from wild-type and Cx43del/del mice
showed a very low incidence of dye coupling under control
culture conditions (Fig. 4). As for rat microglia, treatment with
INF-g (1 ngyml), LPS (1 mgyml), or TNF-a (1 ngyml) one at
a time did not increase coupling. However, after 9 h of treatment
with 1 ngyml INF-g plus 1 mgyml LPS or 1 ngyml INF-g plus
1 ngyml TNF-a, microglia from wild-type mice showed a much
higher incidence of dye coupling. The same treatments did
not increase the incidence of dye coupling of microglia from
Cx43del/del mice. Microglia from Cx43del/del mice expressed
b-galactosidase (not shown), which was under control of the
endogenous Cx43 gene regulatory elements (26). This result
confirms the expression of Cx43 by microglia.

Discussion
Others have shown that microglia interact with each other and
other cells of the central nervous system through membrane
contacts favored by expression of adhesion molecules, MHC
class II molecules, and specific receptors for sugar residues and
antibodies (2). Here we report that activation of microglia either
in vivo or in vitro induces expression of Cx43, and at least in vitro
they are coupled by gap junctions after treatment with inflam-
matory cytokines. Thus, microglia may use this pathway as an
additional or alternative route of homocellular communication
that may be an integral part of the activation state induced by
specific factors in their microenvironment.

In the normal adult neocortex, microglia are sparse and in an
apparent quiescent state, but after a stab wound they migrate to
and proliferate at the site of damage (22), where they have the
potential to establish homocellular contacts because of their
close proximity. Microglial proliferation is maximal 2–4 days
after injury and precedes the proliferation of invading blood-
borne macrophages (22). We found that under control condi-
tions about 95% of microglia identified as FITC-isolectin-B4-
positive were not Cx43 immunoreactive, but that at 4 days after
a stab wound, '60% of the accumulated microglia were Cx43
positive. Thus, in vivo the induction of Cx43 expression by
microglia occurs during the transition from their quiescent to
their activated state and presumably is triggered by inflamma-
tory mediators. In adult brain, microglia are not activated and
are ED-1 negative, but in primary cultures they express this
antigen (29), suggesting that the tissue culture condition induces
some degree of activation. Moreover, in primary cultures about
99% of the cells present in our microglia cultures were ED-1
positive and expressed low levels of Cx43, which may have been
attributable to a small degree of activation. The expression of
connexins and formation of gap junction channels, at least at
homocellular contacts, might be a common feature of macroph-
agic cells. All other macrophagic cells previously studied, such as
cultured epidermal Langerhans cells (15), peritoneal macro-
phages (30, 31), foam cells of atherosclerotic lesions (32), J774
cells (33), polymorphonuclear cells in a tissue subjected to
ischemia-reperfusion (31), and Kupffer cells (34), express Cx43.
In addition, gap junctional communication has been identified
morphologically andyor functionally between cultured macro-

Fig. 2. Cytokines induce dye coupling between cultured rat microglia. (A and
C) Phase-contrast views of the fluorescence fields shown in B and D, respec-
tively. (B) An example of lack of dye coupling observed under control condi-
tions. (D) A cell that is dye coupled to three neighboring cells in a microglia
culture treated with 1 ngyml INF-g plus 1 ngyml TNF-a for 9 h. (Bar, 80 mm.)
(Graph) The incidence of dye coupling (Lucifer yellow) was evaluated in
cultures of rat microglia under control conditions and after cytokine treat-
ment for 9 h. Treatment with 1 ngyml INF-g, 1 mgyml LPS, or 1 ngyml TNF-a
did not increase coupling above control levels. INF-g (1 ngyml) plus LPS (1
mgyml) caused a large increase in coupling, which was largely prevented by
cotreatment with an anti-TNF-a antibody. Treatment with 1 ngyml INF-g plus
1 ngyml TNF-a also caused a large increase in coupling; this coupling was
blocked by 35 mM 18a-glycyrrhetinic acid (AGA), and the block was reversed
after the blocker was washed out (WyO AGA). Each histogram bar corre-
sponds to the mean 6 SD of seven experiments, in each of which a minimum
of 10 cells were scored.
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phages (35–39). Presumably, all of these cell types were activated
to some degree, inasmuch as they were either under culture
conditions or present at inflammatory foci, supporting the fact
that Cx43 expression is induced upon activation. In agreement
with the latter, it is known that circulating (nonactivated) human
monocytes (32) and hamster polymorphonuclear cells (31) do
not express Cx43 mRNA or Cx43 protein, respectively. Never-
theless, Cx43 has been detected in '40% of liver Kupffer cells
(34), which are activated as indicated by their phagocytic activity
(40). Despite the fact that under resting culture conditions
microglia appeared to be somewhat activated in that they
expressed ED-1 and Cx43, they were rarely dye coupled, sug-

gesting that under the degree of activation induced in culture,
microglia do not communicate with each other via gap junctions.

We found that when applied singly, two host cytokines, TNF-a
and INF-g, and a bacteria-derived proinflammatory factor, LPS,
did not promote dye coupling between microglia. Similarly, LPS
or INF-g applied singly does not induce dye coupling between
mouse peritoneal macrophages or J774 cells, a murine macro-
phage-derived cell line (30). However, coapplication of LPS or
TNF-a with INF-g induced dye coupling accompanied by an
increase in Cx43 levels and translocation to cell–cell contacts.
Synergistic action of INF-g with other inflammatory stimuli,
particularly with LPS and TNF-a, is known in diverse macro-
phage functions, including antitumor, antibacterial, and antiviral
activities (41). Moreover, elevation of INF-g has been found in
the brain of animals with autoimmune disorders such as exper-
imental allergic encephalomyelitis (42, 43), suggesting that under
these conditions microglia might communicate to each other via
Cx43 gap junctions induced by TNF-a plus INF-g. On the other
hand, after acute trauma the brain levels of INF-g mRNA
remain unchanged, and in INF-g (2y2) mice astrogliosis is still
observed (44); thus, the inflammatory response after brain
trauma may be mediated by a different set of cytokines. The fact
that LPS or TNF-a plus INF-g did not induce dye coupling in
every cultured microglial cell could be due to the known
heterogeneity of microglia (45), the need for additional inflam-
matory mediators, and failure to use an appropriate concentra-
tion of the cytokines tested.

Microglia may express other connexins in addition to Cx43,
because most cell types that form gap junctions express more
than one connexin type (16). Although it might be true that
microglia express connexins other than Cx43, the fact that INF-g
plus LPS or TNF-a did not induce dye coupling between
microglia of Cx43del/del mice suggests that Cx43 is an essential if
not the only protein subunit of gap junctions between microglia.
Thus, if microglia express other connexins they might mediate
gap junctional communication between microglia and other cell
types (heterocellular gap junctions). The inflammatory response
is a complex process involving numerous factors. The reaction to
an invading pathogen is mediated by factors generated by the
host as well as factors coming from the infecting agent. Some
cytokines are autocrine in origin, such as TNF-a released by
microglia, whereas others are generated by a different type of
cell found at inflammatory foci, such as interferons released by
T-cells. All of these processes could be modulated and orches-
trated by gap junctional communication between inflammatory
cells.

Fig. 3. Treatment with INF-g plus TNF-a causes an increase in Cx43 immunoreactivity at contacts between rat microglia in culture and an increase abundance
of Cx43. Cellular distribution of Cx43 was determined by immunofluorescence. (A) Distribution of Cx43 mmunofluorescence in a control culture at time 0. Most
of the labeling was diffuse and localized to the perinuclear region. (B) In a culture treated with 1 ngyml INF-g plus 1 ng TNF-a for 9 h, there was marked labeling
at intercellular appositions and reduced labeling in perinuclear regions. (Bar, 50 mm.) (C) The relative levels of Cx43 were determined by Western blot analysis
of total homogenates of microglia (150 mg of protein per lane). Lane H is from a sample of rat heart to identify the mobility of different phosphorylation states
of Cx43. NP is an unphosphorylated form, and P2 and P3 are two phosphorylated forms. The other lanes correspond to cultures of microglia treated with 1 ngyml
INF-g plus 1 ngyml TNF-a for 0, 2, 4, and 9 h.

Fig. 4. Treatment with INF-g plus LPS or TNF-a enhances dye coupling
between microglia from normal mice (open bars), but not between microglia
of Cx43del/del mice (filled bars). Cultures were incubated for 9 h under control
conditions or with 1 ngyml INF-a alone, 1 mgyml LPS alone, 1 ngyml TNF-a
alone, 1 ngyml INF-a plus 1 mgyml LPS, or 1 ngyml INF-g plus 1 ngyml TNF-a.
There was little coupling under control conditions (C) or in cultures treated
with one of the agents, but the two combined treatments resulted in a much
higher incidence of dye coupling in cultures from wild-type mice. No cytokine
treatment induced dye coupling of microglia from Cx43del/del mice. Each point
represents the mean 6 SD of three independent experiments in which at least
10 cells were microinjected with Lucifer yellow.
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